The objective of this study was to determine the chorionic plate vascular anatomy of the monochorionic (MC) placenta in relation to the discordance in fetal growth with or without disparity in amniotic fluid volume. In 58 MC placentae, anastomoses were delineated by dye-contrast injection under optimal physiological conditions. Thirtytwo pregnancies were complicated by twin-twin transfusion syndrome (TTTS) (n ⍧ 32), of which 16 placentae were from severe disease. Ten pregnancies with fetal growth discordance of >20% and with a normal amniotic fluid index (AFI) were also studied. Sixteen uncomplicated MC pregnancies were used as controls. Severe TTTS placentae (median, m 1; range, r 0 to 2) had significantly fewer anastomoses than those from mild disease (m 2; r 1 to 4; P < 0.01), discordant growth (m 3; r 2 to 6; P < 0.001) and controls (m 5; r 2 to 8; P < 0.001). Placentae from severe TTTS had a single unidirectional deep arteriovenous anastomosis, while milder cases, in addition, had a ഛ1 mm bidirectional superficial arterioarterial (n ⍧ 9) or venovenous (n ⍧ 6) -type shunts. Multiple arteriovenous anastomoses with a paucity of superficial anastomoses were detected in discordant growth placenta. In contrast, control placentae had multiple shunts which were symmetrical in number, type and size both overall and per placenta. The subchorionic distance in severe TTTS and discordant growth placenta were comparable (m 3.5 cm; r 1.6 to 5.8 cm versus m 3.6 cm; r 2.5 to 5.7 cm), but were greater than the mild disease (m 2.5 cm; r 1.2 to 3.8 cm; P < 0.01) and control groups (m 1 cm; r 0.5 to 2.4 cm; P < 0.001). The perinatal mortality in severe TTTS (57%) was higher than that in the mild TTTS (17%) and growth discordant groups (15%). The paucity of superficial anastomoses with presence of solitary or multiple arteriovenous anastomoses is likely to be associated with severe TTTS and fetal growth discordance of >20% respectively. In contrast, in mild TTTS additional superficial arterioarterial or venovenous channels are present along with single deep arteriovenous anastomoses.
Introduction
Despite significant advances in the diagnostic and therapeutic techniques to detect potentially treatable fetal pathologies in utero, perinatal mortality and morbidity in multiple pregnancy remains 6-fold higher than in singleton pregnancies (Kingdom and Bajoria, 1998) . The high perinatal wastage is largely due to the presence of inter-twin vascular anastomoses in the monochorionic (MC) placenta (Benirschke and Kaufmann, 1995) . Twin-twin transfusion syndrome (TTTS) is a major complication of MC pregnancies and occurs due to transfusion of blood via placental vascular anastomoses between the two circulations, causing anaemia and growth retardation in the twin denoted the 'donor', and polycythaemia with circulatory overload in the 'recipient' (Weiner and Ludomirski, 1994; Zosmer et al., 1994) . Although recent treatments such as serial amnioreduction (Elliot et al., 1991; Saunders et al., 1992) and laser ablation of placental anastomoses (DeLia et al., 1995; Ville et al., 1995) are associated with 60-80% perinatal survival rates, this approach has failed to make perinatal survival figures comparable with that in dichorionic twins (Bajoria and Kingdom, 1997) .
Recent evidence suggests that TTTS occurs due to the presence of unidirectional deep arteriovenous (AV) anastomotic channels and a paucity of bidirectional superficial channels (Bajoria et al., 1995) . However, in that study no attempt was made to correlate the severity of TTTS with the vascular anatomy. Correlation between anatomy and clinical outcome is pertinent both for therapeutic and prognostic purposes. Such knowledge will be useful for risk stratification of monochorial pregnancies at early gestation, particularly so when delineation of placental angioarchitecture using colour flow Doppler in vivo is a realistic possibility Fortunato, 1996) . In order to elucidate the relationship between the anatomical characteristics of vascular shunts and haemodynamic instability, we also included a subset of MC twins with discordance in growth of Ͼ20% without aberration in amniotic fluid volume and compared them with uncomplicated MC pregnancies.
Materials and methods

Patients
In this prospective study, 58 monochorial diamniotic (MCDA) placentae were studied between 1994 and 1997. Thirty-two placentae were from pregnancies complicated by TTTS, and 10 from mothers with growth discordance of Ͼ20% with no polyhydramnios. The remaining 16 placentae, obtained from uncomplicated twin pregnancies suspected antenatally of being MCDA, were studied as a control group. Chorionicity was determined at 15-19 weeks in patients booked for antenatal care at the hospital, while in those referred from other centres it was established at the time of first visit to our centre. Monochorionic placentation was diagnosed on ultrasound (Bajoria and Kingdom, 1997) in the presence of the following: (i) concordant fetal genitalia; (ii) single placental mass; (iii) intrafetal septal thickness Ͻ2 mm; and more recently (iv) absence of twin peak sign. Pregnancies were then followed with fortnightly scans to monitor fetal growth and amniotic fluid volume. The diagnosis of TTTS was made in MCDA pregnancies on ultrasound as discordance in amniotic fluid volume (an amniotic fluid index ജ30 cm), stuck twin syndrome, and growth discordance of Ͼ15% (Saunders et al., 1992; Reisner et al., 1993) . Only those cases of TTTS presenting before 28 weeks of gestation were included in this study. All cases of TTTS were managed by serial amnioreduction when AFI was Ͼ40 cm or the mother was symptomatic.
Twin-twin transfusion syndrome was classified as severe in the presence of one or both of the following: (i) hydrops in the recipient; or (ii) intrauterine fetal death of one or both twins. TTTS was considered to be mild if criteria for severe disease were absent. Monochorionic pregnancies with discordance in growth of Ͼ20% and normal AFI (Ͻ24 cm) were also studied. Uncomplicated MCDA pregnancies with AFI Ͻ20 cm throughout the second and third trimesters and growth discordance of Ͻ15% constituted the control group.
Placental examination and perfusion
Placentae were obtained at delivery. Chorionicity was determined by examining the membranes, and confirmed histologically. Morphological observations included (i) the attachment of amniotic membrane to the chorionic plate, (ii) the presence of marginal (within ϩ1 cm of placental margin) or velamentous cord insertion, and (iii) the distance between the two cord insertions.
Placentae were then perfused to establish open-circuit fetoplacental circulation within 10-15 min of delivery at 37°C under optimal physiological conditions by cannulating the umbilical vein and both arteries of both the twin cords as described previously (Bajoria et al., 1995) . Tissue oxygenation, physiological pressure and flow rate were maintained throughout the procedure. Anastomoses between the two circulations were delineated by perfusing the fetoplacental circulation with a colloid suspension consisting of micro-barium sulphate 25 g, gelatine 2 g, heparin 25 000 IU, and either Bengal rose or methylene green 500 mg/100 ml with a viscosity of 1.5 mPa/s and a barium particle size of 0.5-1 µm, which facilitated capillary filling. The presence of anastomoses was then ascertained by observation of the pattern of filling and the appearance of coloured media from the contralateral circulation. Anastomoses were classified by relation to chorionic plate (superficial or deep) and type [arterioarterial (AA), venovenous (VV) and arteriovenous (AV)]. The deep anastomosis was called AV/VA when the arterial and the venous end of the communicating channel was in relation to the cord of the donor, smaller twin, or twin 1 respectively. When superficial AA or VV anastomoses were apparent, these were occluded before substantial contralateral filling so as still to allow delineation of any AV communications and shared areas. The presence of deep AV anastomotic channels was established by direct demonstration of the passage of colloid suspension from the artery of one twin to the venules of the other. The number and type of anastomoses were recorded, as was the relationship of the equatorial zone to the dividing amniotic septum. An estimate was made of the percentage (Ϯ 5%) of the placental mass belonging to each twin. The calibre of anastomoses was measured to within 0.1 mm; this was taken as the minimum external diameter (i) along the course of the anastomosis for AA and VV and (ii) along the course of the arterial component on the chorionic plate for AV channels, but not within the terminal 1 cm, 2934 as the vessel may taper here. The subchorionic distance of deep AV anastomoses was measured as the minimum distance between the visible arterial and venous ends on the chorionic plate.
Statistical analysis
As clinical and anastomotic data were not normally distributed they were expressed as medians and ranges and values between the groups were compared by the Mann-Whitney test. Fisher's exact test was used for blocked comparisons. Percentage growth discordance was defined as the difference in growth as a proportion of the birth weight of the larger twin. In the control group, the presenting fetus was labelled as twin 1.
Results
We report on the vascular anatomy of 58 monochorial placentae. Of the 32 TTTS placentae, 16 each satisfied the criteria of severe and mild disease. Data on 10 TTTS placentae (seven in the severe and three in mild group) have been reported previously (Bajoria et al., 1995) .
All the placentae were complete, with no disruption in the continuity of the fetal placental vasculature or chorionic plate. Clinical features of the four groups are shown in Table I . Gestational age at diagnosis and delivery was comparable between groups. Corrected perinatal loss rate in the severe TTTS was 57% (Table II) . One patient opted for termination of pregnancy at 24 weeks' gestation. In seven subjects both twins were born alive, while in eight cases either one (n ϭ 5) or both twins (n ϭ 3) died in utero. Six babies died neonatally as a result of prematurity. Autopsy findings on the seven recipient fetuses showed varying degrees of cardiac enlargement with myocardial hypertrophy. Of 19 babies born alive, six had porencephalic cyst at birth. Among the 13 long-term surviving twins (six donor and seven recipient), six recipient twins developed structural valvular or infundibular pulmonary stenosis which required valvuloplasty within six months of age. In the seven cases where both twins were born alive, discordance in cord haemoglobin was Ͻ5 g/dl. In contrast, in two of the five pregnancies where the recipient twin died in utero, the donor twins were anaemic at birth and required transfusion (haemoglobin Ͻ8 g/dl).
In the mild TTTS group, polyhydramnios resolved either spontaneously (n ϭ 4) or following amnioreduction (n ϭ 12). The discordance in estimated birth weight (EBW) was comparable with those of severe group. Procedure-related pregnancy loss occurred in one case. Of the 30 babies born alive, five died in the neonatal period as a result of respiratory distress syndrome and severe anaemia. Two babies had a porencephalic cyst. Six of the 15 pregnancies had discordance in haemoglobin of Ͼ5 g/dl. None of the fetuses had hydrops or cardiovascular morbidity. The overall perinatal mortality rate (PNMR) was 22%, which was markedly less than that of the severe TTTS group (P Ͻ 0.01). However, when corrected for procedure-related loss, the PNMR was 17% (P Ͻ 0.001).
In the growth discordant group, polyhydramnios was absent in all the cases throughout the pregnancy. In two cases, one week prior to the delivery, the smaller twin had oligohydramnios (AFI Ͻ4 cm) with normal AFI in the larger twin. In one pregnancy, intrauterine fetal death of the smaller twin occurred at 34 weeks' gestation with delivery of the co-twin within 48 h. Two babies died in the neonatal period, giving an overall PNMR of 15%, which was comparable with that of the mild TTTS group, but less than the severe TTTS group (P Ͻ 0.001).
In contrast, there were no perinatal losses in the control group. In all the MC placentae, attachment of the intrafetal septum did not correspond to the vascular equator. However, in the severe TTTS group, there was a gross degree of inequality in the sharing of the placental mass between the two twins in that the recipient had approximately two-thirds, while donor had one-third. In the mild TTTS group, unequal sharing of the placental bed was found in 10/16 twins where the recipient twin had ജ60% of the placental mass. In the discordant fetal growth group, all the placentae had unequal sharing of the placental mass, with smaller twin having only 15-25%. In the control group, in all except two cases, the placental mass was shared equally by the two twins. The type of cord insertion in 2935 relation to the clinical outcome is shown in Table III . There was no significant difference in the frequency of velamentous cord insertion between twin pairs within each group and between groups. Similarly, no differences were found in the frequency of marginal cord insertion between twin pairs within a given group; however, marginal cord insertion occurred more frequently in severe TTTS as a group than uncomplicated MC placentae (P Ͻ 0.05).
Vascular anatomy
The number of anastomoses per placenta is shown in Figure 1 and Table IV . Vascular anastomoses were present in all except one placenta from severe TTTS. Monochorial placentae from pregnancies with severe TTTS (median, m 1; total, t 16, n ϭ 16) had fewer anastomoses than with mild TTTS (m 2; t 32, n ϭ 16; P Ͻ 0.001), growth discordant (m 3; t 35, n ϭ 10; P Ͻ 0.001) and control (m 5; t 83; P Ͻ 0.001) groups. The total number of anastomoses in the mild TTTS group was less than that in the growth discordant group (P Ͻ 0.01) and controls (P Ͻ 0.001).
The types of anastomoses per placenta in both groups are shown in Figures 2 and 3 . Two types of superficial anastomoses, VV and AA, were present between chorionic stem vessels or arterioles/venules of the 4th or 6th orders. All the deep anastomotic channels were of AV or VA type. In severe TTTS 2936 placentae, superficial anastomoses were absent in all except two, whereas in the mild group, superficial anastomoses were found in all except three (P Ͻ 0.001). In the growth discordant group, the number of superficial anastomoses per placenta (4/10) was comparable with that in the severe TTTS group, but was markedly less than that of the mild TTTS (P Ͻ 0.05) and control (P Ͻ 0.001) groups. Two of the 16 anastomoses in the severe, and 14 of the 32 in the mild, TTTS groups were superficial (P Ͻ 0.05). Eight of the 35 anastomoses in the growth discordant group, and 49 of the 83 anastomoses in the control group, were of the superficial type (P Ͻ 0.001). Superficial anastomoses in the discordant group were comparable with the severe TTTS placentae but were less than in the mild TTTS group (P Ͻ 0.001). Anastomoses in the severe 2937 TTTS and growth discordant groups were thus nearly always of the deep type, while in mild cases solitary superficial anastomoses were present along with the deep AV anastomoses.
The number of AV anastomoses per placenta in severe TTTS was comparable with that of the mild TTTS group. In contrast, in the discordant growth group, the total number of AV per placenta was higher than in the severe (median 3 versus 1; P Ͻ 0.001), mild TTTS (median 1; P Ͻ 0.001) and control groups (median 2; P Ͻ 0.05). The AV in the control group was higher than in the severe and mild TTTS (P Ͻ0.01) groups.
One placenta in the severe TTTS group, and nine in the mild group, had a solitary AA anastomosis (1 versus 9, P Ͻ 0.001). Superficial VV anastomoses were also present in one placenta in the severe TTTS group and in five mild TTTS placentae (1 versus 5; P Ͻ 0.01). Only one placenta in the severe group had more than one anastomotic channel, while in the mild group all placentae except three had a superficial anastomotic channel along with a deep AV-type anastomosis. All three types of anastomosis occurred in combination in only one of the mild TTTS placentae. In the growth discordant group, four of the 10 placentae had AA anastomoses, two of which also had an associated VV. In contrast, multiple anastomoses were present in all control placentae. The superficial AA and VV types occurred in combination in all except one placenta where superficial VV along with deep AV anastomoses were detected. Fifteen of the 16 control placentae had a combination of multiple superficial and deep anastomoses compared with two in the growth discordant group (P Ͻ 0.001) and one in the mild TTTS group (P Ͻ 0.001).
The diameters of AA and VV anastomoses, if present, were comparable between the severe, mild and growth discordance groups. However, in the mild TTTS group, the diameters of superficial AA (n ϭ 3) and VV (n ϭ 2) anastomoses were ജ1.5 mm and they were located near to the cord insertion point of the donor twin. In these five cases, polyhydramnios resolved spontaneously. In the control group, the diameters of AA (median 1; range 0.5 to 1.5 mm versus median 4.8; range 1 to 8 mm; P Ͻ 0.001) and VV anastomoses (median 1.3 versus 4; P Ͻ 0.01) was significantly greater than in the TTTS group.
The diameter of AV anastomoses was similar in both groups of TTTS placentae. AV anastomoses in both groups of TTTS placentae always ran from the donor to the recipient. In the mild group, one placenta had two deep AV anastomoses. In the growth discordant group, multiple AV anastomoses ran in either direction such that the number in the direction of the smaller twin was always less than the number running towards the larger twin. In contrast, the control group had multiple AV anastomoses, which ran in either direction and were distributed symmetrically.
The subchorionic distance in the severe TTTS group was greater than in the mild group (m 3.4; r 1.6 to 5.8 cm versus m 2.5; r 1.2 to 3.8 cm; P Ͻ 0.01) and control placentae (m 1.0; r 0.5 to 2.4 cm). Similarly, the distance in the mild TTTS group was also greater than that of the control group (P Ͻ 0.001). The subchorionic distance in the growth discordant group was comparable with that of the severe TTTS group (m 3.6; r 2.5 to 5.7 cm) but was greater than in mild TTTS (P Ͻ 0.01) and control placentae (P Ͻ 0.001) groups. The subchorionic distance in the growth discordant group was greater between AV than between VA anastomoses (m 4 versus 2.3; P Ͻ 0.01).
Discussion
This study shows that the vascular anatomy of twin-twin transfusion syndrome as a group differs markedly from that in MC pregnancies complicated by fetal growth discordance of similar magnitude without oligohydramnios/polyhydramnios syndrome. Although both groups had a paucity of superficial AA/VV anastomoses, placentae from the TTTS groups were more likely to have single unidirectional AV anastomoses, whereas the growth discordant group had more than one deep anastomosis which was nearly always bidirectional. In contrast, in uncomplicated MC pregnancies, multiple anastomoses of different types were distributed symmetrically. These findings suggest that the type, size and the number of anastomoses were the key factors responsible for the maintenance of haemodynamic stability between monochorial twin pairs, rather than the mere presence or absence of the vascular shunts. These morphological data further confirm our observation, derived from a computerized model of TTTS, that the direction and the symmetry of AV anastomoses are the determinant of the net hydrostatic-osmotic gradients and in turn the development of oligohydramnios/polyhydramnios in MC twin pairs (Talbert et al., 1996) .
In the present study, an attempt was made to correlate the severity of TTTS in terms of fetal hydrops and intrauterine death with vascular anatomy of the placenta. The observation that in severe TTTS, a paucity of superficial anastomosis is associated with high perinatal mortality supports the observation of Machin et al. (1996) . However, in that study clinical variables such as gestation age at delivery, perinatal mortality and the presence or absence of polyhydramnios were used to grade the severity of TTTS. As these criteria, in particular the perinatal mortality which is crucially gestational agedependent, are likely to be influenced by clinical practice, it is difficult to infer whether the severity of TTTS is dependent upon vascular anatomy. In this prospective study, the diagnosis of TTTS was based on more recent criteria of 'stuck twin syndrome' prior to 28 weeks gestation. As no gold standard exists to diagnose the severity of TTTS, simple objective criteria of the presence of hydrops, or of intrauterine death was used to classify TTTS into severe and mild types. The clinical variables to classify the severity of TTTS, such as spontaneous resolution of polyhydramnios/oligohydramnios, severity of polyhydramnios at the time of presentation, and the number of amnioreduction was not used because all these variables are likely to be influenced by timing of referral, availability of appointment, maternal symptoms, attending physicians' preferences and also concomitant use of nonsteroidal anti-inflammatory drugs. Other objective variables such as the severity of discordance in estimated fetal weight in utero could have been used, particularly when greater discrepancies in abdominal circumference are implicated 2938 with poor outcome measures (Saunders et al., 1992) . Weight estimates, particularly in the presence of hydrops, are however, subject to 10-15% errors and a further weight discordance of Ͼ15% may occur in MC twins without polyhydramnios and in dichorionic pregnancies. Accordingly, these criteria were considered diagnostically non-specific for TTTS.
We determined angioarchitecture by controlled perfusion experiments under physiological conditions. This approach had an additional advantage over the conventional technique in that it allowed direct visualization of the direction of flow along the deep anastomoses and permitted delineation of all anastomotic shunts including hair-thin superficial channels.
Using simple objective diagnostic criteria, a striking difference in the total number and type of anastomotic channels was found between the two groups of TTTS placentae. In most cases of severe TTTS, a single unidirectional AV channel with blood flowing from the donor to the recipient twin was found. Additional superficial AA and VV anastomotic channels of Ͻ0.5 mm diameter were present in only two cases. In contrast, all but two placentae had unidirectional deep AV and superficial AA/VV anastomoses. In the mild TTTS group, we were unable to demonstrate a significant relationship between the type of superficial channels and severity of polyhydramnios, presumably because of the small numbers of cases studied.
These findings may have haemodynamic implications. In the absence of superficial anastomoses, the presence of a unidirectional AV channel is likely to cause severe haemodynamic imbalance between the twins. In this group therefore, the outcome is dependent upon the recipient's ability to compensate the extra volume load and factors which may influence the flow of blood across the AV anastomosis. The development of hydrops and intrauterine death may be simply a reflection of failure in the ability of the recipient twin to mount a compensatory response to haemodynamic imbalance. In contrast, in the mild group of TTTS, the presence of superficial shunts of either VV/AA type probably negates the haemodynamic imbalance set up by the deep AV channels. Unlike non-TTTS, in the control subjects superficial channels were nearly always found away from the cord insertions and ran between the peripheral branches of the chorionic vessels.
The other striking difference between the two groups of TTTS placentae is the discordance in size of the transfusional zone. Our data also suggest that within the transfusional zone, arterial blood from the donor drains into the recipient's venous circulation. Although in this study no attempt was made to map the parenchymal arterial and venous tree of each twin, it is likely that arterial territory of both twins is comparable with the disproportionately larger venous zone of the recipient twin. This morphological characteristic may allow the recipient twin to receive an additional flux of venous blood from the part of the villous tree which is perfused by the donor. The extent of discordance in sharing venous blood between twins is dependent upon the area of transfusional zone. We appreciate that the measurement of the shared area on the chorionic plate is unlikely to be a true reflection of the functional zone. Therefore further studies are required to understand the morphodynamics of the equatorial zone.
We compared the vascular anatomy of severe TTTS with that of MC pregnancies with marked discrepancy in growth in an attempt to elucidate whether the percentage discordance in fetal growth seen in TTTS is due to haemodynamic imbalance or abnormal placentation. Comparable indices of abnormal placentation, such as the frequency of abnormal cord insertion and discordance in placental mass between the two groups suggest that haemodynamic instability between twin pairs may be responsible for the development of TTTS. Both groups of placentae had a paucity of superficial anastomotic channels. Unlike TTTS placentae, AV anastomoses and VA channels were nearly always present in the growth discordant group. The chorionic plate vascular arrangement therefore suggests that oligohydramnios/polyhdramnios does not occur, probably because bidirectional AV anastomoses maintain the haemodynamic imbalance between twins. The growth discordance in this group could therefore be a reflection of a discordance in venous and arterial zones between twin pairs, with the larger twin having a greater venous and arterial zone as evident from the presence of relatively large subchorionic AV and a small VA zone. In the control group, multiple anastomoses of all three types were found which, unlike the growth discordant group, were balanced in number, type and size. This finding, along with near-equal placental area for each twin, therefore suggests that although inter-twin transfusion occurs, this is likely to be bidirectional with zero net flow.
In this study, no attempt was made to elucidate the underlying mechanism responsible for differences in vascular anastomoses in relation to the clinical findings. Pooling data from our previous published works on twin placentae (Bajoria et al., 1995; Bajoria, 1998) , we now speculate that the discordance in angioarchitecture is unlikely to be related to the timing of the process of twinning and thus may have an embryological basis. For example, anastomotic channels were absent in monozygotic dichorionic diamniotic (DCDA) twins (twinning occurs at Ͻ3 days of fertilization), and abundant communicating channels were present in MCMA placentae (Ͼ8 days post 2939 fertilization) with a total number of five channels per placenta in uncomplicated MCDA (3 to 8 days). Taken together, these data suggest that the longer the interval between fertilization and twinning, the greater is the likelihood of an increased number of anastomotic channels to be present. As the number of anastomotic channels in MCDA pregnancies complicated with growth is less than that in uncomplicated cases, regardless of the presence or absence of TTTS, the possibility remains that TTTS occurs due to 'early' splitting of the fertilized ova in the 3-to 8-days window (more towards 3 rather than 8 days) (Figure 4) . However, further work is necessary to substantiate this hypothesis.
The findings of this study may help in risk stratification of monochorial pregnancies complicated by a discordance in fetal weight and amniotic fluid volume. This is likely since superficial AA anastomoses can now be detected in vivo by using power Doppler sonography Fortunato, 1996; Haberman et al., 1997) . The major limitation of in-vivo characterization of the angioarchitecture of MC placentae is its inability to identify AV or VV channels and hence directionality of flow.
Identification of AA anastomoses in TTTS cases can be useful to counsel women regarding their perinatal outcome. However, further in-vivo studies are necessary to develop newer techniques to characterize the vascular anatomy of the monochorial placentation; these are likely to improve our understanding of the effect of gestational age on growth and development of inter-twin vascular shunts. There is a possibility that both superficial and deep anastomotic channels undergo vascular obliteration with gestational age. Also, it seems likely that the functionality of the channels can be modified by polyhydramnios, hydrops, or by therapy such as amnioreduction.
In conclusion, our data suggest that the vascular anatomy of the monochorionic placenta determines the severity of TTTS. The presence of a solitary unidirectional deep AV anastomosis is likely to be associated with more florid cases of TTTS and a higher risk of hydrops and intrauterine death. Multiple bidirectional AV anastomoses in the absence of superficial shunts are more likely to be associated with discordant fetal growth without oligohydramnios/polyhydramnios. In contrast, the presence of additional superficial anastomoses in TTTS may have a more favourable neonatal outcome with a higher risk of acute TTTS.
